A rapid and sensitive method for the detection of infectious bursal disease virus (IBDV) RNA in different chicken lymphoid organs was developed. The method is based on a single-step reverse transcription polymerase chain reaction (RT-PCR) procedure and the enzyme-linked immunosorbent assay (ELISA) detection method of amplified products. Vaccinal IBDV strain and field isolates were used for the optimization of RT-PCR and for the determination of conditions for microplate hybridization and colorimetric detection of the amplicons. With this method, viral RNA could be detected in various stages of infection in samples of different lymphoid organs. Bursas and cecal tonsils were suitable organs for viral RNA detection at different times during IBDV infection. The RT-PCR/ELISA method can be applied for IBDV detection in routine diagnostic tests, which are not usually carried out because of the difficulties involved in isolating the virus.
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Infectious bursal disease (IBD) is a highly contagious viral disease of young chickens that causes significant economic losses in the poultry industry worldwide. 15, 16 The clinical disease occurs between 3 and 6 weeks of age. Severe outbreaks are characterized by sudden onset of depression in susceptible flocks. On postmortem examination of birds that died during the acute phase, the bursa of Fabricius is the principal diagnostic organ; it is turgid, edematous, and sometimes hemorrhagic and turns atrophic within 7-10 days. 21 Dehydration and nephrosis with swollen kidneys are common, and hemorrhages in the muscle and mucosa of the proventriculus are observed in the majority of affected birds. 22 The subclinical form of the disease results in immunosupression and increases susceptibility of chickens to other infections. 1 The etiologic agent of IBD is a nonenveloped virus (IBDV) that belongs to the Birnaviridae. 6 Its genome consists of 2 segments of double-stranded RNA. The smaller RNA segment (B) encodes a single 90-kD polypeptide, designated VP1, and the larger RNA segment (A) encodes a viral polyprotein that is processed to form 3 mature proteins, VP2, VP3, and VP4, 2,10 and a small protein, VP5, of unknown function. 17 The published nucleotide sequences of genome segments A and B of various IBDV strains indicate that sequences of the major host-protective immunogen VP2 are highly conserved except in the central hypervariable region, which displays the greatest amount of amino acid sequence variation among strains. 4, 7, 24 Various methods have been developed for the diagnosis of IBD, such as virus isolation in cell culture, embryonated chicken eggs, or young specific-pathogen-free (SPF) chickens and localization of the virus in infected tissues by electron microscopy, fluorescence assay, agar immunodiffusion, antigene-capture enzyme-linked immunosorbent assay (ELISA), or immunohistochemistry. All these methods have disadvantages, such as being time consuming, labor intensive, expensive, or nonspecific. These methods lack the ability to detect low levels of IBDV antigens in tissues. The use of molecular techniques to detect and identify IBDV has increased in recent years. Recently, reverse transcription polymerase chain reaction (RT-PCR) has been used successfully to amplify the IBDV VP2 gene region with oligonucleotide primers selected from the highly conserved region. 9, [11] [12] [13] The detection sensitivity of IBDV in bursal tissue is higher when nested primers are included in the PCR amplification. 14 The aim of this study was to develop a highly sensitive procedure for rapid IBDV detection using a single-step RT-PCR coupled with a microwell hybridization assay and a specific biotin-labeled capture probe. For the optimization, various lymphoid organs obtained from chickens experimentally inoculated with IBDV and bursal homogenates from field outbreaks of IBD in Slovenia were used. Four field isolates were obtained during IBD outbreaks in commercial poultry flocks in Slovenia in 1995 and 1996. In all cases, gross lesions in the bursa and other organs were observed, and a high mortality rate was recorded. Isolates 1 (IBDV1/ 95) and 2 (IBDV1/96) originated from broiler chickens 34 and 14 days of age, respectively. One flock was vaccinated against IBDV with live attenuated vaccine strain Winterfield at the age of 21 days, and the other flock was unvaccinated. Isolates 3 (IBDV2/95) and 4 (IBDV2/96) were from vaccinated flocks of laying chickens 12 and 14 weeks of age. Those isolates were propagated in 4-week-old SPF chickens. a Birds were inoculated orally with 0.2 ml of bursal homogenate. In both biologic trials, with 50% and 56% mortality respectively, bursas were harvested from birds that died at days 4 and 5 postinoculation (PI). Two weeks PI, surviving birds were examined by ELISA b for the presence of antibodies to chicken anemia virus (CAV) and IBDV. All samples were negative for CAV and positive for IBDV. Each sample (1-4) contained 5 bursas. Bursas were frozen and homogenized in an equal volume of phosphate-buffered saline (PBS) and stored at Ϫ70 C.
The live attenuated IBD vaccine (Gumbokal SPF IM c ) obtained by egg passages was used as a positive control. The lyophilized vaccine was resuspended in 2 ml of RNase-free water. The bursa from a 1-day-old IBDV-negative chicken was included as a negative control. Paramyxovirus type 1 (PMV-1) strain La Sota, low embryo passage, c was used for cross-reactivity testing.
To prove that IBDV could persist in different lymphoid organs for a longer time, an experiment with the vaccinal strain (Gumbokal SPF IM c ) was designed. Chickens used for the experimental inoculation were obtained from a White Leghorn (Lohmann) flock maintained at the Institute of Poultry Diseases (Veterinary Faculty, Ljubljana, Slovenia) as a closed flock. The parent flock was free from exposure to IBDV and to other infectious agents common to poultry. Thus, the progeny chicks used in the study were free from maternal antibodies to IBDV. Four-week-old chicks were divided into 2 groups. Twenty-six birds from group 1 were inoculated orally with live attenuated IBD vaccine. The inoculum had a titer of 10 5.2 TCID 50 /0.1 ml. Ten chickens from group 2 served as uninoculated controls. Chickens from both groups were reared in separate isolation units throughout the experimental period. Before inoculation and at 1, 2, 3, 4, 6, 8, 10, 13, 15, 17, 20, and 22 days PI, 2 chickens from the inoculated group were euthanized and examined. From the control group, 2 birds were taken before inoculation and at 3, 8, 15, and 22 days PI. Blood was collected by cardiac puncture, and the birds were necropsied. From each bird, bursa, cecal tonsils, thymus, and spleen were taken and stored at Ϫ70 C until examination. Leukocytes were isolated from blood samples and stored at Ϫ70 C.
Total RNA from tissue samples, leukocytes, resuspended lyophilized vaccine, and allantoic fluid of PMV-1-inoculated eggs was extracted with TRIzol reagent d according to the manufacturer's instructions. Sample suspended in PBS buffer (250 l) was used for the RNA extraction, and about 1 g of isolated RNA was used for the RT-PCR assay. Oligonucleotides for RT-PCR were selected from the highly conserved VP2 genome region based on previously published sequences. 9 Primer IBDV-F (5Ј-ACAGGCCCA-GAGTCTACACCATAA-3Ј) corresponded to nucleotide positions 733-756, and primer IBDV-R (5Ј-ATCCTGTTGC CACTCTTTCGTAGG-3Ј) corresponded to positions 1212-1189. For reverse transcription and amplification of isolated RNA, a commercial system e was used. A 2-l aliquot of RNA sample was added to the 48-l reaction mixture containing AMV/Tfl 1ϫ reaction buffer, 0.2 mM each of dATP, dCTP, and dGTP, 0.19 mM dTTP, and 0.01 mM digoxygenin (DIG)-dUTP (PCR DIG labeling mix f ), 20 pmol of sense and antisense primer, 1 mM of MgSO 4 , 5 U of AMV reverse transcriptase, and 5 U of Tfl DNA polymerase. The RT-PCR was carried out with uninterrupted thermal cycling g under the following conditions: 45 minutes at 48 C for reverse transcription and 2 minutes at 94 C for AMV reverse transcriptase inactivation and RNA/cDNA/primer denaturation, 40 cycles of 30 seconds at 94 C, 1 minute at 60 C, and 2 minutes at 68 C for PCR, and a final extension step of 7 min at 68 C. The reaction products were analyzed by electrophoresis on a 2% agarose gel stained with ethidium bromide and with a microplate hybridization system using a specific biotin-labeled probe. The specific probe IBDVpr (5Ј-bio-GATAACCCAGCCAA/GTCACATCCAT-3Ј) was comple-mentary to the inner part of the amplified product corresponding to positions 1031-1054. The detection of DIG-labeled RT-PCR products was carried out using the PCR ELISA kit f according to the manufacturer's instructions. The hybridization was carried out with probe IBDVpr at an optimal concentration of 10 pmol/ml hybridization solution in streptavidin-coated microwells for 1 hour at 45 C. The RT-PCR/ELISA results were measured at 405 nm.
The described method was optimized using IBD vaccine and was successfully performed for detection of IBDV in clinical bursal tissues obtained from field outbreaks. The oligonucleotide primers used in the present study successfully directed the synthesis of IBDV genome sequences, yielding amplified fragments of 479 base pairs (bp) (Fig. 1) . The type profile of field isolates was confirmed by sequencing the VP2 genome region amplified by described RT-PCR protocol (not shown). No amplicons were produced with RNA of PMV-1. After single-step RT-PCR, the identify of the fragments was confirmed by specific internal capture probe following the microplate hybridization assay. The optical density (OD) values obtained ranged from 0.100 to 4.000. Negative controls of the extraction procedure or of the RT-PCR gave a low background signal of Ͻ0.100 OD. The probe captured only RT-PCR amplicons derived from IBDV and not those from PMV-1.
The sensitivity of the RT-PCR assay coupled with gel electrophoresis and ELISA detection methods was tested by using leukocytes and various lymphoid organs at different intervals after IBDV inoculation ( Table 1 ). The viral RNA was detected in bursal tissues throughout the observation period of 22 days by gel electrophoresis as well as by RT-PCR/ELISA. The cecal tonsils were clearly positive from day 1 until day 10 PI. After this period (days 13-22), IBDV RT-PCR products prepared from total tonsil RNA could be detected only by RT-PCR/ELISA. Gel electrophoresis detection of RT-PCR products was not sensitive enough to detect IBDV RNA in thymus. RT-PCR/ELISA results were positive on days 3, 6, 10, and 20 PI. IBDV RNA was detected in all spleen samples from day 1 to day 10 PI and in 1 of 2 samples at day 13 and day 15 PI by RT-PCR/ELISA. Spleen samples contained obviously more IBDV that could be detected (except in 3 cases) by both methods from day 2 to day 10 PI. In leukocytes, IBDV was detected only in 2 samples at day 4 and day 8 PI. All tissue samples and leukocytes from the uninoculated control group were negative by RT-PCR with both detection methods.
The field isolates of IBDV caused very high mortality rates in biologic trails (50% and 56%), so chickens were experimentally infected with a vaccinal IBDV strain to follow the distribution of the virus in different lymphoid organs by RT-PCR, and the suitability of the method for diagnostic purposes was tested. The results showed that the single-step RT-PCR method coupled with the ELISA detection system is a suitable method for IBDV detection. The viral RNA was found in all bursal samples from chickens of field outbreaks and in tissues obtained from vaccinated birds. IBDV isolation in embryonated chickens eggs and cell cultures is not routinely used as a diagnostic test because the virus is difficult to culture. Some field strains fail to grow on cell cultures. 8 IBDV could be detected in bursa and other lymphoid organs such as spleen and thymus by different immunologic methods. According to Bayyari et al., 5 reisolation of highly cell adapted virus from spleen and bursa is possible for a longer time, up to 4 weeks PI. Sharma et al. 19 have conducted experiments in which chickens were exposed to 2 virulent IBDV strains, and infectious virus was recovered from bursa and thymus during the first 10 days of infection. These findings support the present results that the presence of the virus in thymus is limited. Other studies 20 have confirmed the presence of viral antigen in bursa, thymus, spleen, cecal tonsils, and bone marrow. In the present experiment with a vaccinal IBDV strain, similar results were obtained.
Cecal tonsil samples were positive for viral RNA during the entire experimental period of 22 days (Table 1 ). This finding indicates the importance of cecal tonsil as the organ of choice for viral detection.
The one-step RT-PCR procedure enables reverse transcription of IBDV RNA into cDNA and then amplification by PCR under a single set of conditions. The possibility of contamination due to opening the reaction tube after initial reverse transcription is minimized, and the hands-on work required is reduced. The ELISA method for detecting RT-PCR products has already been used for other animal viruses. 3, 18, 23 This standard microtiter plate immunoassay is based on the use of a biotinylated capture probe to detect DIGlabeled RT-PCR products immobilized on a streptavidincoated plate. The microwell detection of absorbance values by the ELISA reader is less dependent upon subjective interpretation than is agarose gel detection. The method is several times more sensitive than gel electrophoresis and offers the advantage of eliminating the need for a nested PCR with its possible sample-to-sample contamination. The procedure is relatively rapid and is highly convenient for routine diagnostic work.
